This study tries to find the dynamic stock market linkages among 12 Asian countries over the period January 3, 2000 to June 20, 2017. We employ ADCC-GARCH model to study the conditional correlations and Diebold and Yilmaz (2012) spillover index methodology to investigate return and volatility spillovers across the sample markets [1] . Based on ADCC results, we find that Singapore exhibits highest conditional correlation with other sample markets. Dynamic conditional correlations across the markets amplify during the crisis periods, pointing to financial contagion. The findings under Diebold-Yilmaz framework corroborate with the ADCC-GARCH model results as Singapore is found to be the dominant market based on both return and volatility spillovers. Inter-temporal pattern of spillovers reveals that cross-market linkages intensify during the turmoil periods. Our results have important implications for international investors and policymakers. The study contributes to financial integration literature for Asian markets.
Introduction
By 1980s it became an accepted fact that the prerequisites for growth of any economy are: an orientation towards world trade; liberalization of the domestic economy along with fiscal and monetary prudence. Most of the Asian economies opened up on these believes and witnessed high growth rate of the economy on sustainable basisas mentioned in the East Asian miracle by the [2] . However, [3] questioned the sustainability of the economic boom in East Asia as in his opi-Theoretical Economics Letters nion in the absence of technical progress the growth will not be able to sustain in the long-run. Krugman's observations were viewed by the economists as predictor of the severe Asian financial crisis in 1997. Similar concern was raised by the Japanese government as they criticized the World Bank for overemphasizing macroeconomic stability. The Bank argued in response to the Japanese challenge that three factors have been key in the East Asian economic miracle. The first was macroeconomic stability, which is to say: low inflation, prudent budget deficits, and stable and competitive exchange rates. The second was heavy public investment in education and other social infrastructure like health. The third was an emphasis on exports as the "standard by which all economic activity would be judged".
After experiencing high GDP growth rate during 1970s and 80s from 6.9% in Indonesia to 8.4% in Korea, symptoms of fundamental deficiencies started getting visible. Macroeconomic weaknesses finally led to the currency meltdown in Thailand in 1997 which scaled-up to a financial turmoil in the region. It further spread beyond the region to Russia and Brazil in 1998 [4] . To overcome the impact of this crisis, East Asian economies shifted the focus on strengthening their economic and financial fundamentals, by initiating a number of regional cooperation programs and policies which in due course saved them from the global financial crisis in 2007.
Asia-Pacific is leading the recovery in world trade. In 2016, Asia's trade (by volume) growth was higher than that of global trade growth, but unable to beat its own economic growth. This is evident from the fact that Asia's trade growth increased from 1.4% (2015) to 1.7% (2016) whereas the world trade growth decelerated to 1.3% from 2.6% for the corresponding period. The trade volume growth in Asia was more than 61% ($2.78 t in 2005 to $4.5 t in 2016) as compared to global trade volume growth which was about 52% ($10.16 t to $15.5 t during same 2005 to 2016 period). Intraregional trade value share of Asia has marginally increased up to 57.3% in 2016 up from an average 55.9% during 2010-2015. Global economic recovery has a positive impact on the region's exports in general, whereas Japan; Taiwan; Hong Kong; and Vietnam are prominent beneficiary. On the other side increased demand from China, India and others have contributed towards the increase in region's import. The recent data on Asia's trade growth indicate its further acceleration to 7.4% during the first half of 2017 which may continue in future.
The Asian growth is also evident from the fact that FDI in the region used to come mainly from Western countries in the past and intra-regional FDI (within Asia) was only 36% during 2006-09. However, this increased to 52% during post crisis periods . Among the Asian sub regions East and South East Asia was commanding 84% of total intra-regional FDI 1 . Volume wise intra-regional (Asia Pacific Economic cooperation) FDI increased from $7 t (44%) to $10 t (48%) during 2010-15 period. Asia's total FDI inflow in 2016 was $443 b (25.3% 1 Flows which was further concentrated in East Asia (60%) and South East Asia (24%) as per 2015 statistics (Asian Economic Integration Report by [52] . Theoretical Economics Letters of world FDI inflow) whereas outflow during the same period was $363 b (25% of world FDI outflow). Intraregional share of FDI has also grown from 47.6% (2015) to 55.3% (2016) and cross-border bank claims of Asia also increased to $4.4 trillion from $4.1 trillion for the same period (2015 to 2016). This has made developing Asia emerge as the second largest recipient of FDI in the world with Chinese Mainland, Hong Kong China, Singapore and India ranking among top 10 FDI host economies. A positive economic outlook is expected to further improve FDI inflows in Asian market especially in China and South Asia in future [5] . Stock markets in Asia Pacific have performed exceedingly well compared to other world Stock markets in 2017. The MSCI All Country Asia Pacific Index (MSCI AC Asia Pacific) gained 29% as against 22.6% by MSCI All Country World Index (MSCI ACWI) in the first eleven months of 2017.
The studies by [6] [7] [8] [9] conclude that Asian markets have been relatively less integrated with western economies leading to an opportunity for global diversification. However, Asian markets are gradually getting integrated with western markets which became very prominent during the global financial crisis . This trend is evident from recent studies on market integration by [10] [11]- [17] .
The volatility of Asian equity market returns is explained more by variations in global than regional equity market returns and this trend is getting further more prominent from 2015 onwards. This supports relatively higher integration of Asia's equity markets with global market than regional one [18] . Portfolio investors of Asia kept on investing more outside than within the region which is evident from more than 9% increment in outward equity investment outstand- There are 60 major stock exchanges in the world with total market capitalization of $76.3t as on 2016 out of which 16 stock exchanges are of more than $1 t each accounting for 87% of the total global stock market capitalization. Asia has 17 major stock exchanges with total market capitalization of more than $23.05 t which is about 30% of the world market. Among Asian stock markets Japan is the biggest with the market cap of $4.91 t followed by Shanghai Stock Exchange having value of $4.46 t.
From the above facts one can clearly see the growing role and importance of Asia in world business and also that Asia's intraregional trade and investment is getting strengthen compared to its inter regional trade and investment with other world economy. The stronger economic and trade integration should get reflected in greater dynamic interactions among Asian financial markets, particularly the stock market movements which are highly sensitive to macroeconomic fundamentals. In other words, the real economy linkages must translate into financial economy linkages. The growing global portfolio management activities should also result in greater information transmission among the financial mar- down also seems to impact the Asian markets owing to their regional proximity and economic and trade relations with China as is reflected in their heightened associations during this period. The findings under Diebold-Yilmaz framework corroborate with the ADCC-GARCH model results as Singapore is found to be the dominant market based on both return and volatility spillovers. India is found to be a major net transmitter of volatility spillovers to other Asian markets along with exhibiting relatively high gross spillovers. Inter-temporal pattern of spillovers reveal cross-market linkages intensify during the turmoil periods. The remaining part of the study is organized as follows: Section 2 provides a brief review of literature on stock market linkages in Asia. Section 3 presents data whereas methodology is in Section 4. The empirical results and discussion are provided in Section 5, while Section 6 contains summary and conclusions.
Review of Literature
Review of previous studies indicates that the Post Asian Crisis period witnessed increase in correlations among Asian markets and thus attracted attention of empirical researchers. [19] [20] [21] are prominent studies which discuss the Asian market linkages during Asian financial crisis. Worthington and Higgs [22] examine these transmissions among Asian equity markets and investigate the differences that exist in this regard between the developed and emerging markets using MGARCH model. The results indicate the existence of large mean and volatility spillovers positively related. The direction of mean spillovers is from the developed markets to the emerging markets, however, they are not homogeneous across the later group. Their findings also indicate that cross-volatility spillovers are lower than that of own-volatility spillovers for all markets in general and for the emerging markets in particular. Majid, et al. [23] A number of studies in last two decades also examine the returns and volatility linkages amongst Asian equity markets during global financial crisis (GFC) and compare them with pre and post GFC periods. [15] tests the presence of dynamic nature of volatility contagion in the Asia-Pacific region around the global financial crisis of 2007-2008 by using multivariate GARCH approach and tries to estimate its possible impact on potential investors in the region. His study evidences the significant intra-regional volatility spillover during the period of June 2006-December 2010 among selected eight Asia-Pacific economies, however, its nature is dependent on the global stock price movements. It is further noticed that pre and post global financial crisis periods have similar features which are different from that of crisis period. His study also observes that in the boom period spillover effect is low which gets intensified during crisis period. [24] examines the return and volatility spillover using daily closing prices for indices of six Asian equity markets namely Chinese Mainland, Hong Kong China, India, Indonesia, Japan, and South Korea. He uses an MGARCH-BEKK and finds that the return, shock, and volatility spillover among most of the stock markets are bidirectional. His findings suggest that own volatility spillover is more than cross-market spillover. [25] in his study tries to find the interlink ages of stock return behavior of China with three emerging markets of Asia namely Philippines, Thailand and Indonesia on the monthly data from 1993 to 2008 implying VAR model. The findings support the spillovers from China to other equity markets. [26] in their study of nine emerging and advanced Asian stock market integration, using Johansen and Juselius multivariate cointegration test, Granger causality/Block exogeneity Wald test based on the vector error correction model (VECM) approach, and variance decomposition analysis on daily data for January 2000 to January 2013, find the long run equilibrium relationship among these markets. That means investors may use these markets for portfolio diversification in short run [27] . Wang (2013) in his study for daily closing prices of stock market index from East Asian countries using multivariate VAR analysis finds that the linkages among stock markets in East Asia got strengthened post global financial crisis. As per his findings stock markets of Hong Kong China and Singapore are losing their influence whereas that of South Korea and Japan are gaining their importance in the region with the progress of time. Interestingly, his findings further suggest that East Asian stock markets are less responsive to the post crisis shocks from the USA [28] . In his study explores dynamic linkages between Stock market of Pakistan and select five Asian countries on monthly closing stock prices indices for the period of 2003 to 2013 by using Johansen and Juselius co-integration approach and Granger Causality test. His findings suggest no long run relationship between Pakistan and select Asian stock markets. He also uses variance decomposition analysis Theoretical Economics Letters and concludes that variances in stock markets of Pakistan and India are due to their own market innovation and have no influence from other markets. [29] examines the pattern and causes of emerging Asian stock market integration for China, India, Korea, Thailand, Malaysia and Singapore with US and Australia from January 2001 to March 2012. Using GARCH-DCC model, they find the strongest correlation during the global financial crisis (2007-09) period. They consider the GFC and the underlying economic & financial conditions responsible for higher correlations amongst these stock markets [30] . In his study of ten equity markets of East Asian countries from 1995 to 2011 covering both crises i.e. Asian currency crisis and global financial crisis. He finds link ages among the select markets through significant spatial effects. He further shows that crises increase cross-border associations among the select markets especially in China, and Japan who are the dominant leaders of market linkages in the region [31] . In their study on weekly data of January 1992 to January 2013 belonging to China and ASEAN-5 countries check the dynamic process of convergence among the selected cross-border stock markets using recursive co-integration analysis. The results show that these six stock markets are co-integrated. Overall, the regional financial integration between China and ASEAN-5 has gradually increased. [32] attempts to find contagion amongst the Asia-Pacific equity markets (Japan, Hong Kong China and Australia) at the time of crisis periods and evaluate the impact during past twelve major crisis periods around the world. It is interesting to note that shocks are transmitted via excessive linkages, with the Asian crisis as the most influential one. They further find that the subprime crisis reveals fundamentals-based contagion, due to the strengthening fundamental linkages, with a dominant role of the Japanese market [33] . In their study find that select six Asian equity markets are co-integrated in long run and their volatility dynamics changes as the extent of the spillovers increase. By using wavelet multiple correlation and cross-correlation on the data from 2000 to 2013 they further find that volatility spillover across the considered market is comparatively low at the high frequency creating an opportunity for diversification for shorter period which diminishes in long run [34] . In their study on five emerging Asian markets in pre and post 2007 financial crisis period about the volatility spillover effects using an extended EGARCH model on the daily data of 2001 to 2013 find mixed results. They observed bidirectional volatility spillover between stock markets of India and Sri Lanka in both sub-periods; whereas it is bidirectional between stock markets of India with Hong Kong China and India with Pakistan in pre-crisis period. On the other hand stock markets of Sri Lanka and Pakistan have bidirectional volatility spillover in post-crisis period [35] . By using conditional nonlinear quantile regression on the daily stock index returns for the period of January 1990 to December 2012, show that the stock market co-movements in the Pacific Basin region are due to pairwise similarities of a set of macroeconomic variables among major countries in the region. The findings suggest that smaller pairwise differences or larger pairwise similarities of a set of macroeconomic variables significantly drive the stock market co-movements in the region Theoretical Economics Letters in a nonlinear way [36] . Use Copula GARCH models to study the intertemporal process of equity market integration for the ASEAN+6 countries i.e. East Asia Economic Community (EAEC) Region on the daily stock market index closing prices from January 1999 to March 2015. The findings suggests varying degrees of integration among the sample countries with the Asian benchmark. The study clearly finds that high level of integration exist among non ASEAN but EAEC members (China, Japan, South Korea, Australia, India and New Zealand) compared to ASEAN-5 (Indonesia, Malaysia, Philippines, Singapore and Thailand) members. They identifyfiscal position, stock market performance, external position, governance and trade linkages as the key drivers of financial integration in the region. [37] examines the dynamic nature of equity market integration for the South Asian countries from January 2004 to March 2015 using Copula GARCH and Diebold and Yilmaz methods. They find very little or no integration among these markets.
In sum, the existing literature provides a comprehensive body of knowledge on Asian market integration. However, most of the studies have not covered wide range of Asian markets and instead focused on sub set of markets. Further, existing research has not touched upon more recent period particularly after the Chinese meltdown of 2015-2016. In the present study we cover twelve major Asian markets using data from January 2000 i.e. after the Asian Crisis period to June 2017 covering both GFC as well as the Chinese meltdown phase. Thus our study period provides an opportunity to examine dynamic stock market linkages in the pre-crisis, GFC and post crisis periods, including the period in and around the Chinese meltdown. The later analysis is relevant given the global and the regional importance of China owing to its economic, trade and investment linkages with its Asian neighbors. The study employs ADCC-GARCH model and supplements the analysis using Diebold and Yilmaz (2012) technique which helps us in discerning the level of openness of the sample of Asian economies as well as identifying countries which dominate and those act like satellite markets in the return and volatility spillover process.
Data
For the study, we select all big Asian economies having GDP of 2017 on PPP basis higher than US$500 billion which resulted into 17 countries. However, two most active Asian Financial markets namely, Hong Kong China and Singapore remain excluded because of relatively smaller size of the economy. Thus to include these two countries we considered economies with minimum US$400 b. All other countries with lower than $400 b GDP values do not have active financial markets, hence are not included. Out of these 19 countries 
Methodology
In this section, the methodologies of constructing different indicators employed to measure the correlations and linkages through return and volatility spillovers are described. We apply Asymmetric Dynamic Conditional Correlation (ADCC-GARCH) model proposed by [42] to measure the correlations and [1] Spillover Index for testing the cross market spillovers.
a) Asymmetric Dynamic Conditional Correlation (ADCC) ADCC model estimates time-varying correlations by taking into account conditional asymmetries in correlation dynamics which are observed to increase more after the joint negative shock than the joint positive shock.
Asymmetric dynamic conditional correlations are estimated following a two-step procedure. Firstly, univariate volatility for each return series is modelled using Exponential GARCH (EGARCH) process as it accounts for asymmetries in conditional variances of returns and also doesn't impose non-negativity restrictions on GARCH parameters [43] . The mean equation indicated as an AR (1) The dynamic correlation matrix is written as: [47] assumes correlations to be constant which is neither realistic nor empirically justified and its estimation involves solving a high dimensional optimization problem. Dynamic Conditional Correlation (DCC) model proposed by [48] relaxes the assumption of constant correlation and provides flexibility by reducing the number of parameters to estimate [49] . However, ADCC model is preferred as it nests DCC model and incorporate asymmetries in conditional correlations. b) Diebold and Yilmaz (2012) Spillover Index Spillover index methodology proposed by [1] , based on vector autoregressive (VAR) framework, allows us to examine within and cross market spillovers. It quantifies the contribution of shocks to and from each variable in terms of each variable's forecast error variance through variance decomposition analysis, and therefore provides the magnitude and direction of spillovers. Diebold and Yilmaz (2012) uses generalized VAR framework of [50] [51] which yields forecast-error variance decompositions that are invariant to the ordering of the variables.
The N variable VAR of p th order can be written as: 
Total Connectedness is calculated as the summation of cross-variance shares, which are the fraction of the H step ahead error variances in forecasting y i due to shocks to y j . The shocks received by vector i from all other vectors j and vice versa is measured through Directional Connectedness whereas Net Connectedness is the difference between the shocks transmitted to and shocks transmitted from all other markets.
Empirical Results
The study is based on daily equity returns from 12 Asian countries having total 4266 observations for each market. The index returns for the sample countries have been analyzed for the total period and three sub periods. The descriptive statistics are provided in Table 1 panel a tod. For the total period, the annualized mean return 4 is highest for Korea (8%)
followed by Indonesia (7.75%) and India (7.50%) while the lowest positive return is for Taiwan China (0.75%). Japan has annualized average return of −0.25%. Performing sub period analysis, it is interesting to observe that Pakistan provided highest pre-crisis return (17.225%) which turned into lowest return (−29.675%) during the crisis period. In the crisis time Indonesia was the best performer and had given an annualized return of 14.925%. Philippines outperformed other sample markets in post crisis period with an annual return of 11.10%. During this period China had the lowest return (0.212%). Volatility, measured by standard deviation, is relatively very high during crisis period compared to pre and post crisis periods. Korea exhibits highest volatility throughout the study period. In general, the volatility increased 1.5 to 2 times from pre-crisis to crisis period but went down dramatically during post crisis period, even lower than the figures for the pre-crisis period.
For the total period, the return distributions of these equity markets are nega- . The Indian equity market has strongest correlation with Singapore (0.387) followed by China (0.381). 4 Annualized mean return is calculated by multiplying the daily mean return with 250 and then converted into percentage point. 5 This may also be due to the geopolitical issues relating to uncertainty posed by North Korea which makes the equity market of these two countries move with each other. The graphical presentations of ADCC (see Figure 1 ) provide dynamic estimates of cross conditional correlations. Such an analysis helps us in understanding how the conditional correlations have varied over time and particularly over the sub-periods. It is observed that Chinese Mainland, Hong Kong China, Korea, India, Thailand and Indonesia have low correlations in pre-crisis period which increased during crisis period and remained high (0.6) in the initial phase of Table 3 presents return spillovers among the Asian Markets obtained under Diebold-Yilmaz framework in the matrix form. The diagonal elements of the matrix represent within market spillovers and off-diagonal elements represent cross-market spillovers. From the matrix it is clear that Hong Kong China has highest return spillover from other countries (71.10%) followed by Singapore (70.80%) and Chinese Mainland (70.20%). India's return spillover from others is (57.10%). Excluding Pakistan (8.90%) as an outlier in terms of return spillover contribution from others, Japan has lowest value of 51.20%. Most contributing economy to others within sample equity markets in terms of return spillover is Singapore (97.20%) followed by Hong Kong China (84.10%). Contribution of Pakistan is insignificant. Japan and Philippines equity markets also have low contributions to other markets in terms of return spillovers. India contributes 54.50% to other equity markets. Gross return spillover, an indicator of market openness, measured as the sum of contribution made to others and received from others, indicates that Singapore (168%) is the most open market followed by Hong Kong China (155.20%) and Chinese Mainland (150.70%).
In terms of net return spillover, measured as a difference between contribution to others and contribution from others, Singapore equity market has the highest value (26.40%) followed by Hong Kong China (13%) and Chinese Mainland (10.30%). Republic of Korea is also a net contributing market with low but positive value of 2.60%. These markets can be termed as dominant markets. Theoretical Economics Letters Rest of the sample equity markets have net negative contribution ranging from Philippines (−28.10%) to India (−2.60%). Such markets can be termed as satellite markets. Table 4 presents volatility spillovers among the Asian Markets obtained under
Diebold-Yilmaz framework. The diagonal elements of the matrix represent within market spillovers and off-diagonal elements represent cross-market spillovers. Singapore (135.40%) has the highest market spillover to others followed by India (85.40%). In receiving volatility spillover from others Hong Kong China (78.70%) is at top followed by Chinese Mainland (71.10%) and Korea (63.50%).
Singapore (60.30%) and Philippines (60.30%) are next in receiving the volatility information from other markets, as in the case of return spillover Pakistan is a distinct outlier in both receiving and contributing the volatility based information with 3.40% and 1.00% respectively. Japan is a very low contributor to others (13.10%) whereas it receives 53.70% volatility information from others. Philippines equity market also has the similar condition as it contributes only 18.30%
to others whereas it receives 60.30% volatility information from others.
Based on Gross Spillover, Singapore seems to be the most open economy in the region followed by Chinese Mainland and India. In terms of Net volatility spillover, Singapore and India are the only dominant markets with positive values of 75.10% and 39.70% respectively. Rest of the countries exhibit negative net spillovers implying that they act regionally as satellite markets in the volatility The time series patterns of total volatility spillovers (see Figure 4 ) among the sample Asian markets indicate that it doubled from 41% to 82% during the period of 2000 to 2016 before coming down to 65% in the last part of the study.
The net volatility spillovers (see Figure 5 ) depict no clear pattern for any 
Summary and Policy Suggestions
This paper aims to study dynamic stock market linkages among 12 Asian countries (Chinese Mainland, Hong Kong China, Taiwan China, Japan and South Korea, India, Pakistan, Indonesia, Malaysia, Philippines, Singapore, Thailand) by examining their conditional correlations and return and volatility spillovers over the period January 3, 2000 to June 30, 2017. ADCC-GARCH model and Diebold and Yilmaz (2012) spillover index methodology have been employed to study the conditional correlations and cross-market spillovers across the sample markets, respectively. ADCC-GARCH model results reveal that Singapore has the highest correlations with the Asian markets, while Pakistan exhibits least association with the sample stock markets. Surprisingly, Japan is found to have relatively weak linkages with the Asian countries despite of having a well-developed financial system. Highest pair-wise correlation is found between Chinese Mainland and Hong Kong China. Time-varying analysis of conditional correlations suggests that associations between the Asian stock markets amplify during the Global Financial Crisis period, reflecting financial contagion. Chinese meltdown also seems to impact the Asian markets owing to their regional proximity and economic and trade relations with China as is reflected in their heightened associations during this period.
Results from Diebold and Yilmaz (2012) spillover index methodology establish highest gross return spillovers (measured as the sum of return spillovers to other markets and from other markets) as well as net return spillovers (measured as the difference between return spillovers to other markets and from other markets) for Singapore, followed by Hong Kong China and Chinese Mainland. This signifies that these markets are not only influential in transmitting spillovers to other Asian markets but also receive highest spillovers from them. Hence, they can be regarded as the dominant markets based on return spillovers. Singapore is also found to exhibit highest gross as well as net spillovers in terms of volatility spillovers. Further, India is found to be a major net transmitter of volatility spillovers to other Asian markets along with exhibiting relatively high gross spillovers. This indicates that India is a favorable destination among the global investors for risk hedging purposes. Intertemporal pattern of Dynamic return and volatility spillovers reveal that cross-market linkages intensify during the turmoil period. Overall, Diebold and Yilmaz (2012) spillover index methodology results based on return and volatility spillovers corroborate with ADCC-GARC model estimation results of highest linkages of Singapore with the sample Asian countries and time-varying pattern of linkages that amplify in the crisis periods.
Sound macroeconomic health and a robust financial system are imperative for enhancing financial integration. Hence, policymakers of the Asian region firstly need to accept the importance of enhancing their macroeconomic fundamentals.
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